Empirical Methods in
Software Engineering
(0OTOPJIU)

Systematic Literature Reviews

http://softeng.polito.it/EMSE/

E n g © Marco Torchiano, 2013
http://softeng.polito.it
SOME RIGHTS RESERVED @ @

: : creative
Licensing Note ! @E?'!‘!“?'?? :

Attribution-NonCommercial-NoDerivs 2.5
You are free:
* to copy, distribute, display, and perform the work
Under the following conditions:

Attribution. You must attribute the work in the manner specified by
the author or licensor.

@ Noncommercial. You may not use this work for commercial purposes.

@ No [k)erivative Works. You may not alter, transform, or build upon this
work.

= For any reuse or distribution, you must make clear to others the
license terms of this work.

= Any of these conditions can be waived if you get permission from the
copyright holder.

Your fair use and other rights are in no way affected by the above.

This is a human-readable summary of the Legal Code (the full license)
found at the end of this document



What is a SLR?

= Systematic
= | [terature
= Review

SOftEng

What

= A means of evaluating and
interpreting all available research
relevant to a particular research
qgquestion or phenomenon of interest.

= Systematic reviews aim to present a
fair evaluation of a research topic by
using a trustworthy, rigorous, and
auditable methodology.

SOftEng




Evidence Based Medicine

Our vision is that healthcare
decision-making throughout
the world will be informed
by high-quality, timely
research evidence

http://www.cochrane.org

THE COCHRANE
QftEng COLLABORATION®
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2-ary study

* Individual studies contributing to a
systematic review are called

studies

= A systematic review is a form of
study.

= A systematic review that analyzes the
information in SLR is a tertiary study.

http //Sof(eng—poll(o,l(g



SLR are fashionable in SE

= Jan 2004 - June 2008 = 54 SLRs

+ 1 per month

= Jul 2008 - Dec 2009 - 67 SLRs
+ 3.7 per month

Agenda

» Introduction and motivation

= Review process

+ Planning
+ Execution
¢ Reporting
= Lessons learned



MOTIVATION

Why

= Most research starts, or should start,
with a literature review of some sort.

= Unless a literature review is thorough
and fair, it is of little scientific value.

= A SLR synthesizes existing work in a

manner that is fair and seen to be fair.



How

= SLRs must be undertaken in accordance
with a predefined search strategy, that
must allow the completeness of the
search to be assessed.

= Researchers performing a SLR must make
every effort to identify and report
research that does not support their
preferred research hypothesis as well as
identifying and reporting research that
supports it.

http://softeng.polito |tg

What for

= To summarize the existing evidence concerning a
treatment, technology

+ E.g. to summarize the empirical evidence of the benefits
and limitations of a specific agile method

= To identify any gaps in current research in order to
suggest areas for further investigation.

= To provide a framework/background order to
appropriately position new research activities.

= To examine the extent to which empirical evidence
supports/contradicts theoretical hypotheses, even
to assist the generation of new hypotheses

http:// of(eng—poll(o,l(g



Pros & Cons

The well-defined methodology makes it more likely
that the results of the literature are

They can provide information about the effects of
some phenomenon across a of settings
and empirical methods.

In case of quantitative studies, it is possible to
combine data using

The major disadvantage of systematic literature
reviews is that they require considerably more
than traditional literature reviews.

http://softeng.polito |tg

Key elements

Review protocol
Search strategy
Documentation
Explicit criteria

Information specification

http:// of(eng—poll(o,l(g



Key elements

= Review protocol

+ SLRs start by defining a review protocol that specifies the
research question being addressed and the methods that will be
used to perform the review.

Search strategy

+ SLRs are based on a defined search strategy that aims to detect
as much of the relevant literature as possible.

Documentation

+ SLRs document their search strategy so that readers can access
its rigorous and completeness.

Explicit criteria

+ SLRs require explicit inclusion and exclusion criteria to assess
each potential primary study.

Information specification

+ SLRs specify the information to be obtained from each primary
study including quality criteria to evaluate each primary study.

tEng
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Other review types

= Systematic Mapping Studies

+ When it is discovered that very little evidence is
likely to exist, that the topic is very broad, then a
systematic mapping study may be a more
appropriate exercise than a systematic review.

+ A systematic mapping study allows the evidence
in a domain to be plotted at a high level of
granularity.

+ This allows for the identification of evidence
clusters and evidence deserts to direct the focus
of future systematic reviews and to identify areas
for more primary studies to be conducted.

Eng
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Other reviews

= Tertiary Reviews

* In a domain where a number of systematic
reviews exist already it may be possible to
conduct a tertiary review, which is a systematic
review of systematic reviews, in,der to answer
wider research questions.

+ A tertiary review uses exactly the same
methodology as a standard systematic literature
review.

+ It is potentially less resource intensive than
conducting a new systematic review of primary
studies but is dependent on sufficient systematic
reviews of a high quality being available.

http://softeng.polito |tg
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Review Process

Planning
Execution

Report

Review process

= The stages may appear to be sequential, but it is
important to recognize that many of the stages
involve iteration.

= Many activities are initiated during the planning
stage, and refined during execution. For
example:

* The are initially
specified when the protocol is drafted but may be
refined after quality criteria are defined.

* initially prepared during
construction of the protocol will be amended when
quality criteria are agreed.

. defined in the protocol may
be amended once data has been collected.

h((p'//Sof(eng—Dollto,lzg
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Running Examples

(Est1) Jorgensen, M., Shepperd, M. (2007). A systematic
review of software development cost estimation
studies. IEEE TSE 33(1), 33-53.

(Est2) Kitchenham, B., Mendes, E., Travassos, G.H. (2007) A
Systematic Review of Cross- vs. Within-Company
Cost Estimation Studies, IEEE TSE, 33 (5), 316-3209.

(GSE) Darja Smite , Claes Wohlin,Tony Gorschek, Robert
Feldt. (2010). Empirical evidence in global software
engineering: a systematic review. Empirical Software
Engineering, 15, 91-118.

(UML) Marcela Genero, Ana M. Fernandez, H. James Nelson,
Geert Poels, Mario Piattini. (2011). A Systematic
Literature Review on the Quality of UML Models.
Journal of Database Management, 22(3), 46-70.
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Planning

Identification of the
heed for a review

Research questions
specification

Review Protocol
Development

22



ldentifying the need

= Researchers should identify and review any existing
systematic reviews of the phenomenon of interest
against appropriate evaluation criteria:

+ What are the review’s objectives?

+ What sources were searched to identify primary studies?
Were there any restrictions?

+ What were the inclusion/exclusion criteria and how were
they applied?

+ What criteria were used to assess the quality of primary
studies and how were they applied?

+ How were the data extracted from the primary studies?

+ How were the data synthesized? How were differences
between studies investigated? How were the data
combined? Was it reasonable to combine the studies? Do
the conclusions flow from the evidence?

http://softeng.polito |tg
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Commissioning

= When an organization requires
information about a specific topic but
does not have the time, expertise to
perform a systematic literature itself.

» |t will commission researchers to
perform a systematic literature review
of the topic.

= A commissioning document specifying

the work required must be written.
OftEng
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Commissioning Document

= Project Title
= Background
= Review Questions

= Advisory/Steering Group Membership (Researchers,
Practitioners, Lay members, Policy Makers etc.)

= Methods of the review
= Project Timetable

= Dissemination Strategy
= Support Infrastructure
= Budget

= References

http://softeng.polito |tg
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Research question

= Specifying the research questions is the
most important part of any systematic
review.

= The review questions drive the entire SLR
methodology:

* The search process must identify primary
studies that address the research questions.

+ The data extraction process must extract the
data items needed to answer the questions.

+ The data analysis process must synthesize
the data in such a way that the questions can
be answered.

http:// of(eng—poll(o,l(g
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Research question

» The critical issue in any systematic
review is to ask the right question.

= The right question is usually one that:

* Is meaningful and important to practitioners
as well as researchers.

* Will lead either to changes in current
software engineering practice, to increased
confidence in the value of current practice.

+ |ldentify discrepancies between commonly
held beliefs and reality.

http://softeng.polito |tg
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EBSE recommendation

= How to appraise and apply methods,
tools, and techniques in practice

» Three components:

+ The main or action you’'re
interested in

* The or specific situations of
Interest

+ The main outcomes or of interest

http //Sof(eng—poll(o,l(g
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Question types

Assessing the effect of a software engineering
technology.

Assessing the frequency, rate of a project
development factor such as the adoption of a
technology,, the frequency, rate of project
success, failure.

Identifying cost and risk factors associated
with a technology.

Identifying the impact of technologies on
reliability, performance and cost models.

Cost benefit analysis of software
technologies.

http://softeng.polito |tg
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RQ Example (GSE)

RQT1: What is the state-of-the-art in empirical

studies of GSE?
RQ1.1: Who is Involved in GSE?

RQ1.2: Where are the Development Sites
Located?

RQ1.3: What is Studied in GSE?

RQ1.4: How Successful are the Cases Reported
in Literature?

RQ1.5: Why are Companies Involved in GSE?

RQ2: What is the strength of the empirical

evidence reflected in the empirical GSE?

http:// of(eng—poll(o,l(g
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RQ Example (Estl)

RQ1: Which journals include papers on software cost
estimation?

RQ2: How easy is it to identify relevant software cost
estimation journal papers?

RQ3: To what extent are software cost estimation
researchers aware of the breadth of potential
estimation study sources?

RQ4: Which journal is the dominant software cost
estimation journal? To what extent does this journal
have research topic biases?

RQ5: How many researchers are there who have a long
term interest in software cost estimation? To what
extent do the interests of these researchers affect
the distribution of research topics?

http://softeng.polito |tg

31

RQ Example (Est1)

RQ6: What are the most investigated software cost
estimation research topics and how has this
changed over time?

RQ7: What are the most investigated estimation
methods and how has this changed over time?

RQ8: Is there a need for change of research focus?

RQ9: What are the most frequently applied research
methods, and in what study context? How has
this changed over time?

RQ10: What are the main shortcomings regarding use
of research methods?

http:// of(eng—poll(o,l(g
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RQ Example (Est2)

RQIT:

RQ2:

RQ3:

What evidence is there that cross-
company estimation models are not
significantly worse than within—comfpan
estimation models for predicting effort ¥or
software/Web projects?

Do the characteristics of the study data
sets and the data analysis methods used
in the study affect the outcome of within-
company and cross-company effort
estimation accuracy studies?

Which estimation method(s)/process(es)
were best for constructing cross-company
effort estimation models?

http://softeng.polito |tg
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RQ Example (UML)

RQI

. Which type of UML model quality has

been investigated by researchers?

RQ2. Which research methods are used in

research on UML model quality?

RQ3. What is the nature of the research

results on UML model quality?

RQ4. Which research goals are aimed at in

research on UML model quality?

RQ5. Which type of UML diagrams is the focus

of the research on UML model quality?

http //Sof(eng—poll(o,l(g
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Review Protocol

= A review protocol specifies the

methods that will be used to
undertake specific systematic review,
to reduce the possibility of researcher
bias.

= The components of a protocol include

all the elements of the review plus
some additional planning information

http://softeng.polito |tg
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Review Protocol

. The rationale for the survey.

The that the review is
intended to answer
The that will be used to search

for primary studies including search terms and
resources to be searched. Resources include
digital libraries, specific journals, and conference
proceedings.

. Study selection criteria
are used to determine which studies are included
in,, excluded from, a systematic review. It is
usually helpful to pilot the selection criteria on a
subset of primary studies.

http:// of(eng—poll(o,l(g
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Review Protocol

Study selection procedures. The protocol
should describe how the selection criteria
will be applied e.g. how many assessors
will evaluate each prospective primary
study, and how disagreements among
assessors will be resolved.

Study quality assessment checklists and

procedures. The researchers should

develop <1ua|it checklists to assess the

individual studies. The purpose of the

3uality assessment will guide the
evelopment of checklists.

SOftEng
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Review Protocol

Data extraction strategy. This defines how the
information required from each primary study
will be obtained.

Synthesis of the extracted data. This defines
the synthesis strategy. This should clarify
whether, not a formal meta-analysis is
intednded and if so what techniques will be
used.

Dissemination strategy (if not already
included in a commissioning document).

Project timetable. This should define the
review schedule.

SOftEng
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Protocol Review

= The protocol is a critical element of any
systematic review.

= Researchers must agree a procedure for
reviewing the protocol.

= |f appropriate funding is available, a group of
independent experts should be asked to
review the protocol.

» The same experts can later be asked to
review the final report.

= PhD students should present their protocol to
their supervisors for review and criticism.

http://softeng.polito |tg
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Execution

Research
identification

Primary studies
selection

Quality
assessment

Data
extraction

Data
OftEng synthesis
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Stages and measures

Studies identified and
screened for retrieval

Excluded,

: with reasons
Retrieved for more

detailed evaluation

Excluded,
with reasons

Potentially appropriate
for meta-analysis

Excluded,

: with reasons
Included in

meta-analysis

Withdrawn, by

: / outcome with reasons
Studies with usable

information

Research identification

= Search strategy
+ Search strings

= Publication bias

» Bibliography management and
document retrieval

= Documenting the search

41
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Search strategy

= Search strategies are usually iterative and
benefit from:

+ Preliminary searches aimed at both
identifying existing systematic reviews and
assessing the volume of potentially relevant
studies.

* Trial searchers using various combinations of
search terms derived from the research
question

+ Reviews of research results
* Consultations with experts in the field

http://softeng.polito |tg
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Search strategy

= |nitial searches for primary studies can be
undertaken initially using electronic
databases but this is not sufficient.

= Other sources of evidence must also be
searched (sometimes manually) including:

+ Reference lists from relevant primary studies and
review articles

+ Journals (including company journals such as the
IBM Journal of Research and Development), grey
literature (i.e. technical reports, work in
progress) and conference proceedings

+ Research registers
¢ The Internet

http:// of(eng—poll(o,l(g
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Search string

= Constructed using the following steps:

* Define the major terms

+ |[dentify alternative spellings, synonyms,
related terms for major terms.

¢ Check the keywords in any relevant papers
we already had.

+ Use the Boolean, to incorporate alternative
spellings, synonyms, related terms.

+ Use the Boolean AND to link the major terms

http://softeng.polito |tg
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Search string - Example (UML)

= Major: Quality

+ Synonyms and related: consistency,
maintainability, understandability, completeness,
comprehension, comprehensibility, testability,
defect, effectiveness, complexity, readability,
metric, measure, efficiency, validation,
verification, layout

= Major: UML

+ Synonyms and related: Unified Modeling
Language
= Major: Representation
+ Synonyms and related: Representation, diagram,
model

http:// of(eng—poll(o,l(g
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Search string - Example (UML)

= Resulting search string

(UML OR UNIFIED MODELING LANGUAGE)
AND

(REPRESENTATION OR DIAGRAM OR MODEL)
AND

(QUALITY OR CONSISTENCY OR
MAINTAINABILITY OR UNDERSTANDABILITY OR
COMPLETENESS OR COMPREHENSION OR
COMPREHENSABILITY OR TESTABILITY OR
DEFECT OR EFFECTIVENNES OR COMPLEXITY
OR READABILITY OR EFFICIENCY OR

tttttttttttttttttttttttt
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Search string - Example (Est2)

(software OR application OR product OR Web OR WWW OR Internet OR World-Wide Web OR project
OR development)

AND

(method OR process OR system OR technique OR methodology OR procedure)

AND

(cross company OR cross organisation OR cross organization OR cross organizational OR cross
organisational OR cross- company OR cross-organisation OR cross-organization OR cross-
organizational OR cross-organisational OR multi company OR multi organisation OR multi
organization OR multi organizational OR multi organisational OR multi- company OR multi-
organisation OR multi-organization OR multi-organizational OR multi-organisational OR
multiple company OR multiple organisation OR multiple organization OR multiple
organizational OR multiple organisational OR multiple-companv OR multiple-organisation OR
multiple-organization OR multiple-organizatictel OF niultiplec- crganisational OR within
company OR within organisation OR within organization OR within organizational OR within
organisational OR within-company OR within-organisation OR within-organization OR within-
organizational OR within-organisational OR single company OR single organisation OR single
organization OR single organizational OR single organisational OR single-company OR single-
organisation OR single-organization OR single-organizational OR single-organisational OR
company-specific)

AND

(model OR modeling OR modelling)
AND

(effort OR cost OR resource)
AND

(estimation OR prediction OR assessment)

http://softeng.polito.it
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Search string - Example (Est2)

(software OR application OR product OR Web OR WWW OR
Internet OR World-Wide Web OR project OR development)
AND

(method OR process OR system OR technique OR methodology
OR procedure)

AND

(cross company OR cross organisation OR cross
organization OR cross organizational OR .. OR multiple
organizational OR multiple organisational OR ..)

AND

(model OR modeling OR modelling)
AND

(effort OR cost OR resource)

AND

(estimation OR prediction OR assessment)

tEng
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Search string - Example (GSE)

= The final search strings were based on the experience from
the pilot searches and consisted of a Boolean expression:

(A1l or A2 or A3 or A4)

AND (Bl or B2 or B3 or B4)

= where

+ Al—global software development
A2—global software engineering
A3—distributed software development
A4—distributed software engineering
B1—empirical
B2—industrial
B3—experiment
¢ B4—case study

* & o o

L 4

*

tEng
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Search source - Examples (UML)

= SCOPUS database,

= Science@Direct with the subject Computer
Science,

= Wiley InterScience with the subject of
Computer Science, |

= |EEE Digital Library,
= ACM Digital Library,
= SPRINGER database.

http://softeng.polito |tg
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Search source - Examples (Est2)

= Sources
+ INSPEC
+ El Compendex
+ Science Direct
+ Web of Science
+ |EEExplore
+ ACM Digital library
= The search strings needed to be adapted to suit

the specific requirements of the difference data
bases.

= In addition, the researchers searched several
individual journals (J) and conference proceedings
(C) sources

http //Sof(eng—poll(o,l(g
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Search sources - Example (GSE)

» Compendex,

= |[EEE Xplore,

= Springer Link,

= |SI Web of Knowledge,

= ScienceDirect,

= Wiley Inter Science Journal Finder,
= ACM Digital Library

http://softeng.polito |tg
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Publication bias

= A.k.a. the file drawer problem

= The editorial predilection for
publishing particular findings e.g.,
positive results, which leads to the
failure of authors to submit negative
findings for publication

54



Publication bias

= Roughly 90% of the published studies
confirm the experimental hypotheses
being tested

= Only well designed studies, with high
power are performed

= Researchers formulate only true
hypotheses

http://softeng.polito |tg
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Publication bias

» Different causes
+ Study design or execution
+ Researcher decision
+ Journals behavior
+ Sponsorship
+ Review design or execution

56



Publication bias

= Scanning the grey literature,
» Scanning conference proceedings.

= Contacting experts and researches
working in the area and asking them if
they know of any unpublished results

57

Bib management and retrieval

» Bibliographic packages such as
Reference Manager, Endnote are very
useful to manage the large number of
references that can be obtained from a
thorough literature research.

» Once reference lists have been
finalized the full articles of potentially
useful studies will need to be

obtained.
OftEng
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Documenting the search

= The process of performing a systematic
review must be transparent and

replicable:

* The review must be documented in sufficient
detail for readers to be able to assess the
thoroughness of the search.

¢ The search should be documented as it
occurs and changes noted and justified.

* The unfiltered search results should be saved
and retained for possible reanalysis.

http://softeng.polito |tg
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Documenting the search

Electronic library

Journal (manual search)

Conference proceedings

Efforts to identify
unpublished research

Other sources

Name of the database
Search strategy

Date of search

Years covered by search

Name of journal
Years searched
Any issue non searched

Title of proceedings
(Name of conference)
(Title translation)

Research groups and researchers contacted
Research web sites searched

Date searched / contacted
URL
Any specific condition pertaining the search

60



Study selection

. should be decided
during the protocol definition.

= Inclusion and exclusion criteria should
be based on the research question.

= They should be piloted to ensure that
they can be reliably interpreted and
that they classify studies correctly.

61

Study selection

= Study selection process

* InitiaIIY, selection criteria should be interpreted
liberally, so that unless studies can be clearly
excluded based on titles and abstracts, full
copies should be obtained.

+ Final inclusion/exclusion decisions should be
made after the full texts have been retrieved.

+ Maintain a list of excluded studies identifying
the reason for exclusion.

= Reliability of inclusion decisions

+ When two or more researchers assess each
paper, agreement between researchers must be
reached

OftEng
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Selection criteria - Example(UML)

= |[nclusion criteria:

+ Papers which dealt with UML and the
tangible results of the modeling process
(the UML diagram),

+ were written in English,

+ and were published between 1997 and
20009.

63

Selection criteria - Example(UML)

= Exclusion criteria:

+ pure discussion and opinion papers,

+ studies available only in the form of abstracts or PowerPoint
presentations,

+ duplicates (for example, the same paper included in more than
one database or in more than one journal),

+ research focusing issues other than UML model quality (for
example, functional size measurement),

+ or where quality is mentioned only as a general introductory term
in the paper’s abstract and an approach or other type of proposal
related to quality is not amongst the paper’s contributions.

+ Papers were also excluded if they dealt with the quality and
complexity of UML as a language (for example, how to make UML
the language simpler) rather than on the quality and complexity
of the models produced by UML,

+ if the paper was a summary of a workshop.

http //Sof(eng—poll(o,l(g
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Selection Criteria - Example(Est2)

= |nclusion criteria:

+ any study that compared predictions of cross-
company models with within-company models
based on analysis of single company project
data.

= Exclusion criteria:

+ studies where projects were only collected from
a small number of different sources (e.g. 2 or 3
companies),

¢ studies where models derived from a within-
company data set were compared with
predictions from a general cost estimation
model.
OftEng
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Selection criteria - Example (Estl)

= |nclusion criteria

* papers that compare judgment-based
and model-based software development
effort estimation.

= Exclusion criteria

+ excluded one relevant paper due to
“incomplete information about how the
estimates were derived”.

http:// of(eng—poll(o,l(g
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Study quality assessment

= It is generally considered important to assess
the “quality” of primary studies

+ To provide still more detailed inclusion/
exclusion criteria.

+ To investigate whether ?uali;¥ differences
provllde an explanation for ditferences in study
results.

+ As a means of weighting the importance of
individual studies when results are being
synthesized.

* To guide the interpretation of findings and
determine the strength of inferences.

* To guide recommendations for further research.

http://softeng.polito |tg
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Quality assessment

= Quality relates to the extent to which the
study minimizes bias and maximizes
internal and external validity

Bias Systematic error Tendency to produce results that
depart systematically from “true”
results.

Internal Validity The extent to which design and

validity conduct of the study are likely to
prevent systematic error.

External Generalizability, The extent to which the effects

validity Applicability observed in the study are
applicable outside the study.
68



Quality assessment

= |t is advisable to :

+ build checklists
+ assign numerical scales
- quantitative assessments of quality can be obtained.

= Checklists are also developed by considering
bias and validity problems that can occur at
the different stages in an empirical study:

+ Design, Conduct, Analysis, and Conclusions.

= Kitchenham et al (2007) in the technical
report provide:

+ A quality checklist for quantitative studies
+ A quality checklist for qualitative studies

tEng
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Quality - Example(Est2)

Is the data analysis process appropriate?
+ Was the data investigated to identify outliers and to assess distributional
properties before analysis?
+ Was the result of the investigation used appropriately to transform the data
and select appropriate data points?

Did studies carry out a sensitivity or residual analysis?

+ Were the resulting estimation models subject to sensitivity or residual
analysis?

+ Was the result of the sensitivity or residual analysis used to remove abnormal
data points if necessary?

Were accuracy statistics based on the raw data scale?

How good was the study comparison method?

+ Was the single company selected at random (not selected for convenience)
from several different companies?

+ Was the comparison based on an independent hold out sample (0.5) or
random subsets (0.33), leave-one-out (0.17), no hold out (0)?

tEng
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Quality - Example (Est2)

= The size of the within-company data set, measured
according to the criteria presented below.
Whenever a study used more than one within-
company data set, the average score was used:

Less than 10 projects: Poor quality (score = 0)

Between 10 and 20 projects: Fair quality (score = 0.33)

Between 21 and 40 projects: Good quality (score = 0.67)

More than 40 projects: Excellent quality (score = 1)

*

L 4

*

L 4

»OftEng
mt http:/ /soTteng.polito.it
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Quality assessment

Table 3 Initial Instrument and Frequency of Endorsement
Related Directly to the Control of Bias

Items

—

. Was the study described as randomized?”
Was the study described as double-blind?®
3. Was there a description of withdrawals and drop outs?

N

Other Markers Not Related Directly to the Control of Bias

[tems

Were the objectives of the study defined?

Were the outcome measures defined clearly?

Was there a clear description of the inclusion and exclusion criteria?
Was the sample size justified (e.g., power calculation)?

Was there a clear description of the interventions?

Was there at least one control (comparison) group?

Was the method used to assess adverse effects described?

Were the methods of statistical analysis described?

e

— — Jadad et al., Assessing the quality of reports of randomized clinical trials:
plﬁngrﬂg Is blinding necessary?, Controlled Clinical Trials, 17(1), February 1996
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Data extraction

= Data extraction forms

+ All the questions needed to answer the
review question

* Quality evaluation criteria,

* Standard information including:
- Name of Review
- Date of Data extraction
- Title, authors, journal, publication details
- Space for additional notes

» Data extraction procedures
= Multiple publications of the same data

http://softeng.polito |tg

Data synthesis

= Descriptive synthesis (narrative )

73

¢ Extracted information should be tabulated

= Quantitative synthesis
* Descriptive statistics
+ Meta-analysis

= Qualitative synthesis

74



Meta analysis

= Statistical technique for combining the findings
from independent studies.

= Often used to assess the practical effectiveness of
methods and techniques;

+ two or more randomized controlled trials.

= Provides a precise estimate of treatment effect,
giving due weight to the size of the different
studies included.

= Good meta-analyses
+ aim for complete coverage of all relevant studies,

+ |look for the presence of heterogeneity, and
+ explore the robustness of the main findings using
sensitivity analysis.
OftEng
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Meta analysis

= Two stage process

* summary statistic is calculated for each
study, to describe the observed
intervention effect

+ a summary (pooled) intervention effect
estimate is calculated as a weighted
average of the intervention effects
estimated in the individual studies

sum of (estimante weight) > Y;Wi
sum of weights W

summary =

http //Sof(eng—poll(o,l(g
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Effect size

* The findings from individual studies
are combined using an appropriate
statistical method.

+ Separate methods are used for combining
different outcome measures.

* The methods use a similar approach in
which the estimate from each study is
weighted by the precision of the estimate.

http://softeng.polito |tg
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Outcome measures

= Separate methods are used for
combining different outcome
measures

= Effect size

+ Dichotomous

+ Continuous

+ Ordinal

+ Count and rates
+* Time-to-event

http //Sof(eng—poll(o,l(g

78



Effect size — Continuous

= Mean difference
¢ Difference of means
» Standardized mean difference

¢ Cohen’s d
+ Hedges' g

Difference of outcome means TE — To
SMD = S =
Standard deviation of outcome S

http://softeng.polito |tg

Effect size - Dichotomous

= Success ratio
+ Odds-ratio
+ Risk ratio (Relative risk)

+ Same interpretation

- E.g. ratio of 2 =»defined outcome happens
about twice as often in the intervention group
as in the control group;

- ratio of 0.5 =» around a 50% reduction in the
defined event in the treated group compared
with the controls

http:// of(eng—poll(o,l(g



Ratios

SE FE NE
Sc Fc Nc
Nq N N
RR — risk of event in experimental group  Sg/Ng
B risk of event in control group  S¢/Ne¢
odds of event in experimental group  Sg/Fp  SpFc
odds of event in control group Sc/Fec  FgpSc
OftEng

Effect size - Rate

= Rates relate the counts of

the amount of time during which they

could have happened.

events to

+ Counts of rare events (Poisson data)

= Rate-ratio (RR): which compares the
rate of events in the two groups by

dividing one by the other.

81
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Meta-analysis models

» Fixed-effect

+ each study is estimating exactly the same
quantity

» Random effect

+ studies are not all estimating the same
intervention effect

83

Methods

= Continuous

. 1
¢ |[nverse variance: w; =

= Dichotomous
+ Mantel-Haenszel —
- Odds ratio Wi:%ﬁ
- Risk ratio W; = SCJ(SE]G* B.i)

= Vote counting

* number of positive vs. number of
negative studies
OftEng
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Publication bias detection

» Proportion of significant studies
* Very simple
* Does not actually demonstrate

publication bias as no expected
percentage of positive studies exists

= Funnel graphs
* Only requires published data
* Symmetry defined informally

= Statistical methods
OftEng
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Funnel plot

Effect size
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Sensitivity analysis

= Explores ways in which the main
findings are changed by varying:

+ Selection

¢ Inclusion

+ Aggregation
* Etc.

= Sort of threats to validity

h((p://Sof(eng—poll(c,l(g



Report

Dissemination media
selection

Report formatting

89

Dissemination strategy

= [t is important to communicate the
results of a systematic review effectively.

= Most guidelines recommend planning the
dissemination strategy during the
commissioning stage (if any) or when
preparing the systematic review protocol.

= Academics usually assume that
dissemination is about reporting results
in academic journals and/or conferences.

http //Sof(eng—poll(o,l(g
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Dissemination Venues

= Journals
* Information and Software Technology
+ |[EEE Transactions on Software Engineering
* Empirical Software Engineering
+ |[EEE Software - Voice of Evidence column

= Conferences

+ ESEM
+ EASE

http://softeng.polito |tg
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Dissemination strategy

* |f the results of a systematic review are
intended to influence practitioners, other
forms of dissemination are necessary:

* Practitioner journals and magazines,

* Press releases to popular and specialized
press,

* Short summary leaflets,

¢ Posters,

+ Web pages,

* Direct communication to affected bodies.

http //Sof(eng—poll(o,l(g
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Report formatting

» Typical formats:

* Technical report or section of a PhD thesis.
* Journal or conference paper.

= A journal or conference paper will
normally have a size restriction.

* In order to ensure that readers are able to
properly evaluate the rigour and validity of a
systematic review, journal papers should
reference a technical report or thesis that
contains all the details.

http://softeng.polito |tg
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Report Structure

Structured abstract
Background

Research questions

Method

Included and excluded studies
Results

Discussion

Conclusions

http //JOf(eng—Dollto,lzg
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Structured abstract

Context

* The important of the research questions addressed
Objectives

+ The question addressed

Methods

+ Data sources, study selection, quality assessment
and data extraction

Results

+ Main findings including meta-analysis results , and
sensitivity analysis

Conclusions
+ Implications for practice and future research

http://softeng.polito |tg
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Graphical representation

» Forest plot

= Bubble plot (?)

= L’Abbé plot

= Galbraith (radial) plots
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Forest plot

Study Effect size Lower limit Upper limit Effect size and 95% confidence interval Relative
! ! ! | weight
P07a 0.11 0.24 0.46 | | — i | | 2324
S06a 0.08 -0.28 0.43 | | + | I 22.85
S00 1.04 0.65 1.43 i i i — i I 18.64
S03 0.10 -0.44 0.64 — 9.80
S05b 0.28 -0.32 0.88 3 3 — 7.9
PO7b 0.69 -0.09 1.46 ! ! i 3 P 473
S02 0.30 -0.50 1.09 : 453
S06¢ 0.32 -0.69 1.32 ! ! : 3 - 2.81
S06b 0.51 -0.59 1.62 i i i 3 P2.33
Pag 0.91 -0.28 2.10 : = 2.02
S06d 2.20 0.58 3.82 | | ! 3 > 1.09
Overall effect 0.38 0.21 0.55 3 3 <> 3 !
‘: ‘: ‘ ‘: :
-2.00 -1.00 0.00 1.00 2.00
Favors solo programming Favors pair programming
SOftEng Dyba et al., 2007
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Unclear
Empirically
based
Empirically O
evaluated
Academic Industrial Unclear
SOftEng
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.. Or bar plot

40

30

Il Evaluated
[J Based

\

' -
SOftEng
.. Or just a table?

Academic Industrial
Empirically
based 7.0 41.0
Empirically 35 5> &
evaluated
SOftEng
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L’Abbé plot

35 :
/
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| ’
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Control group (%)
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Galbraith (radial) plots

Precision x = 1/sec (A)
0 2 4

L L |

1 1] T 1 1
Relative error 100% 50% 33% 25% 20%

Standardized 2

Log odds ratio O 1121 43
y = Alse(A) -2 117
3%
3
SOftEng
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Economic assessment

= Full economic evaluation studies

+ Comparative analysis of alternative courses
of action in terms of both
- costs (resource use) and
- consequences (outcomes, effects)

= Partial economic evaluation studies

+ No explicit comparisons between alternative
interventions

= Single effectiveness studies

+ Limited information relating to the
description, measurement or valuation of
resource use associated with interventions

http://softeng.polito |tg
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Full economic evaluation

= Cost-effectiveness analysis (CEA):

+ Effects of interventions are measured in identical units of
outcome (e.g. defects).

+ Alternative interventions are compared in terms of ‘cost per unit
of effect’.

= Cost-utility analysis (CUA):

+ Effects are expressed in utilities, alternative interventions may
produce different levels of effect in terms of both quantity and
quality of life (or different effects),.

+ Utilities are measures which comﬁrise both length of life and
subjective levels of well-being. The best known utility measure is
the quality-adjusted life 1year, or QALY. Alternative interventions
are compared in terms of cost per unit of utility gained (e.g. cost
per QALY).

» Cost-benefit analysis (CBA):

+ Both resource inputs and effects of alternative interventions are
expressed in monetary units,

http //Sof(eng—uoll(o,l(g
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SYSTEMATIC LITERATURE
MAPPING

http://softeng.polito |tg
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Systematic Mapping Studies

= A systematic mapping study provides
a structure of the type of research
reports and results that have been
published by categorizing them.
+ |t often gives a visual summary, the map,
of its results.

*+ |t requires less effort while providing a
more coarse—grained overview.

http //Sof(eng—poll(o,l(g
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SLM vs. SLR

= Goals

* Process

= Breadth and depth

= Topic taxonomy

= Approach taxonomy
= Validity

= Industrial relevance

http://softeng.polito |tg
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SLM vs SLR: Goals

= Research Questions
* SLR: few specific
+ SLM: several broad
= Goals

* SLR focus on identifying best practices
based on empirical evidence

+ SLM focus on classification, conducting
thematic analysis and identifying
publication fora, spot research gaps

http //Sof(eng—poll(o,l(g
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SLM vs. SLR: Process

= SLM

+ Articles are not evaluated regarding their
quality as the main goal is not to
establish the state of evidence

+ Thematic analysis, it helps to see which
categories are well covered in terms of
number of publications

- Very different w.r.t. meta-analysis

109

SLM vs. SLR: breadth and depth

= SLM;

+ More articles can be considered as they
don’t have to be evaluated in detail.

* Cover a larger field
- Looser search strings

110



LESSONS LEARNED

111

|l essons Learned

= The poor quality of search engines available (precision,
available fields)

= Researchers should familiarize themselves with how
each search engine handles search terms.

= To avoid redundant searches, researchers should first
plan which terms will be applied to which search

engines and once completed, the results and timestamp
are recorded.

= Due to the apparent fragility of some search engines a
patient and opportunistic approach must be adopted.

= The variable quality of the abstracts available for
Software Engineering papers

= More lessons learned in Brereton et al.(2007)

http:// of(eng—poll(o,l(g
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Illustrate timeline

Planning Realization Reporung Outcomes

November 2007 @  Protocol development Review protocol
Data retrieval Repository with articles ‘2._‘;
Study selecuion upon titles

December 2007 @ Study selection upon abstracts
Consensus meeting Primary studies screened
Pilot: data extraction. 3 papers (all) 3 papers reviewed

January 2008 @ Process improvement Draft: data extraction form

Revisit reviewed papers

Pilot: data extraction, 10 papers 13 papers reviewed
(in pairs)

Process improvement Definition dictionary
Refined- data extraction form
Revisit reviewed papers (in pairs)

February 2008 @ Pilot data extraction: || papers 24 papers reviewed
(in pairs)

Disagreement resolution (in pairs)
Pilot: dara synthesis

March 2008 @ Pilot Report

Review: data extraction

- 109 papers reviewed
remaining papers
Junc 2008 @ Data synthesis

October 2008 ® Final Repont

SOftEng
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Meta-evidence

= The software engineering research
community is starting to adopt

= SLRs consistently as a research method.

* number of SLRs is increasing.

+ number of researchers and organizations performing them
IS increasing.

= The integration of the results of the primary
studies was poorly conducted by many SLRs.

SOftEng Source (da Silva et al., 2011)
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Meta-evidence

= There was very little consistency in the way
the SLRs are organized.

= Many SLRs omitted essential data, including
important parts of the review protocol.

= The majority of the SLRs:

+ not evaluate the quality of primary studies.

+ to provide guidelines for practitioners, thus decreasing
their potential impact on software engineering practice.

OftEng Source (da Silva et al., 2011)
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Summary

= Many of the steps in a systematic review assume that it
will be undertaken by a large group of researchers.

* |n the case of a PhD student, the most important steps
to undertaken are:
+ Developing a protocol
+ Defining the research question

+ Specifying what will be done to address the problem of a
single research applying inclusion/exclusion criteria and
undertaking all the data extraction

+ Defining the search strategy

+ Defining the data to be extracted from each primary study
including quality data

+ Maintaining list of included and excluded studies
+ Using the data synthesis guidelines
+ Using the reporting guidelines

http //Sof(eng—poll(o,l(g
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License (1)

THE WORK (AS DEFINED BELOW) IS PROVIDED UNDER THE TERMS OF THIS CREATIVE COMMONS PUBLIC LICENSE ("CCPL" OR
"LICENSE"). THE WORK IS PROTECTED BY COPYRIGHT AND/OR OTHER APPLICABLE LAW. ANY USE OF THE WORK OTHER
THAN AS AUTHORIZED UNDER THIS LICENSE OR COPYRIGHT LAW IS PROHIBITED.

BY EXERCISING ANY RIGHTS TO THE WORK PROVIDED HERE, YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS
LICENSE. THE LICENSOR GRANTS YOU THE RIGHTS CONTAINED HERE IN CONSIDERATION OF YOUR ACCEPTANCE OF
SUCH TERMS AND CONDITIONS.

1. Definitions

- "Collective Work" means a work, such as a periodical issue, anthology or encyclopedia, in which the Work in its entiret?/ in
unmodified form, along with a number of other contributions, constituting separate and independent works in themselves
are assembled into a collective whole. A work that constitutes a Collective Work will not be considered a Derivative Work (as
defined below) for the purposes of this License.

- "Derivative Work" means a work based upon the Work or upon the Work and other pre-existing works, such as a translation,
musical arrangement, dramatization, fictionalization, motion picture version, sound recording, art reproduction, abridgment,
condensation, or any other form in which the Work may be recast, transformed, or adapted, éxcept that a work that
constitutes a Collective Work will not be considered a Derivative Work for the purpose of this License. For the avoidance of
doubt, where the Work is a musical composition or sound recording, the synchronization of the Work in timed-relation with a
moving image ("synching”) will be considered a Derivative Work for the purpose of this License.

- "Licensor" means the individual or entity that offers the Work under the terms of this License.

- "Original Author" means the individual or entity who created the Work.

- "Work" means the copyrightable work of authorship offered under the terms of this License.

- "You" means an individual or entity exercising rights under this License who has not previously violated the terms of this
License with respect to the Work, or who has received express permission from the Licensor to exercise rights under this
License despite a previous violation.

2. Fair Use Rights. Nothing in this license is intended to reduce, limit, or restrict any rights arising from fair use, first sale or
other limitations on the exclusive rights of the copyright owner under copyright law or other applicable laws.

3. License Grant. Subject to the terms and conditions of this License, Licensor hereby grants You a worldwide, royalty-free, non-
exclusive, perpetual (for the duration of the applicable copyright) license to exercise the rights in the Work as stated

below:
a. to reproduce the Work, to incorporate the Work into one or more Collective Works, and to reproduce the Work as
incorporated in the Collective orks;
b. to distribute copies or phonorecords of, display publicly, perform publicly, and perform publicly by means of a

digital audio transmission the Work incfuding as incorporated in Collective Works;

The above rights may be exercised in all media and formats whether now known or hereafter devised. The above rights
include the right to make such modifications as are technically necessary to exercise the rights in other media and
formats, but otherwise you have no rights to make Derivative Works. All rights not expressly granted by Licensor are
hereby reserved, including but not limited to the rights set forth in Sections 4(d) and 4(e).

License (2)

4. Restrictions.The license granted in Section 3 above is expressly made subject to and limited by the following restrictions:

a.  You may distribute, publicly display, publicly perform, or publicly digitally perform the Work only under the terms of this License,
and You must include a copy of, or the Uniform Resource ldentifier %r, this License with every copy or phonorecord of the Work
You distribute, publicly display, publicly perform, or publicly digitally perform. You may not offer or impose any terms on the
Work that alter or restrict the terms of this License or the recipients' exercise of the rights granted hereunder. You may not
sublicense the Work. You must keep intact all notices that refer to this License and to the disclaimer of warranties. You may not
distribute, publicly display, publicly perform, or publicly digitally perform the Work with any technological measures that control
access or use of the Work in a manner inconsistent with the terms of this License Agreement. The above applies to the Work as
incorporated in a Collective Work, but this does not require the Collective Work apart from the Work itself to be made subject to
the terms of this License. If You create a Collective Work, upon notice from any Licensor You must, to the extent practicable,
remove from the Collective Work any credit as required by clause 4(c), as requested.

b. You may not exercise any of the rights granted to You in Section 3 above in any manner that is primarily intended for or directed
toward commercial advantage or private monetary compensation. The exchange of the Work for other copyrighted works by
means of digital file-sharing or otherwise shall not be considered to be intended for or directed toward commercial advantage or
private monetary compensation, provided there is no payment of any monetary compensation in connection with the exchange of
copyrighted works.

c. If you distribute, publicly display, publicly perform, or publicly digitally perform the Work, You must keep intact all copyright
notices for the Work and provide, reasonable to the medium or means You are utilizing: (i) the name of the Original Author (or
pseudonym, if applicable) if supplied, and/or (ii) if the Original Author and/or Licensor designate another party or parties (e.g. a
sponsor institute, publishing entity, journal) for attribution in Licensor's copyright notice, terms of service or by other reasonable
means, the name of such party or parties; the title of the Work if supplied; and to the extent reasonably practicable, the Uniform
Resource Identifier, if any, that Licensor specifies to be associated with the Work, unless such URI does not refer to the copyright
notice or licensing information for the Work. Such credit may be implemented in any reasonable manner; provided, however, that
in the case of a Collective Work, at a minimum such credit will appear where any other comparable authorship credit appears and
in a manner at least as prominent as such other comparable authorship credit.

d. For the avoidance of doubt, where the Work is a musical composition:

i. Performance Royalties Under Blanket Licenses. Licensor reserves the exclusive right to collect, whether
individually or via a performance rights society (e.g. ASCAP, BMI, SESAC), royalties for the public performance or
public digital performance (e.g. webcast) of the Work if that performance is primarily intended for or directed
toward commercial advantage or private monetary compensation.

ii. Mechanical Rights and Statutory Royalties. Licensor reserves the exclusive right to collect, whether individually
or via a music rights agency or designated agent (e.g. Harry Fox Agency), royalties for any phonorecord You
create from the Work ("cover version") and distribute, subject to the compulsory license created by 17 USC
Section 115 of the US Copyright Act (or the equivalent in other jurisdictions), if Your distribution of such cover
version is primarily intended for or directed toward commercial advantage or private monetary compensation.

- Webcasting Rights and Statutory Royalties. For the avoidance of doubt, where the Work is a sound recording, Licensor reserves
the exclusive right to collect, whether individually or via a performance-rights society (e.g. SoundExchange), royalties for the
public digital performance (e.g. webcast) of the Work, subject to the compulsory license created by 17 USC Section 114 of the US
Copyr(ijght Act (or the equivalent in other jurisdictions), if Your public digital performance is primarily intended for or directed
toward commercial advantage or private monetary compensation.



License (3)

5. Representations, Warranties and Disclaimer

UNLESS OTHERWISE MUTUALLY AGREED BY THE PARTIES IN WRITING, LICENSOR OFFERS THE WORK AS-IS AND MAKES NO
REPRESENTATIONS OR WARRANTIES OF ANY KIND CONCERNING THE WORK, EXPRESS, IMPLIED, STATUTORY OR OTHERWISE,
INCLUDING, WITHOUT LIMITATION, WARRANTIES OF TITLE, MERCHANTIBILITY, FITNESS FOR A PARTICULAR PURPOSE,
NONINFRINGEMENT, OR THE ABSENCE OF LATENT OR OTHER DEFECTS, ACCURACY, OR THE PRESENCE OF ABSENCE OF ERRORS,
WHETHER OR NOT DISCOVERABLE. SOME JURISDICTIONS DO NOT ALLOW THE EXCLUSION OF IMPLIED WARRANTIES, SO SUCH
EXCLUSION MAY NOT APPLY TO YOU.

6. Limitation on Liability. EXCEPT TO THE EXTENT REQUIRED BY APPLICABLE LAW, IN NO EVENT WILL LICENSOR BE LIABLE TO YOU
ON ANY LEGAL THEORY FOR ANY SPECIAL, INCIDENTAL, CONSEQUENTIAL, PUNITIVE OR EXEMPLARY DAMAGES ARISING OUT OF
THIS LICENSE OR THE USE OF THE WORK, EVEN IF LICENSOR HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

7. Termination

a. This License and the rights granted hereunder will terminate automatically upon any breach by You of the terms of
this License. Individuals or entities who have received Collective Works from You under this License, however, will
not have their licenses terminated provided such individuals or entities remain in full compliance with those licenses.
Sections 1, 2, 5, 6, 7, and 8 will survive any termination of this License.

b. Subject to the above terms and conditions, the license granted here is perpetual (for the duration of the applicable
copyright in the Work). Notwithstanding the above, Licensor reserves the right to release the Work under different
license terms or to stop distributing the Work at any time; provided, however that any such election will not serve to
withdraw this License (or any other license that has been, or is required to be, granted under the terms of this
License), and this License will continue in full force and effect unless terminated as stated above.

8. Miscellaneous

a. Each time You distribute or publicly digitally perform the Work or a Collective Work, the Licensor offers to the
recipient a license to the Work on the same terms and conditions as the license granted to You under this License.

b. If any provision of this License is invalid or unenforceable under applicable law, it shall not affect the validity or
enforceability of the remainder of the terms of this License, and without further action by the parties to this
ag;eemeglt, such provision shall be reformed to the minimum extent necessary to make such provision valid and
enforceable.

c. No term or provision of this License shall be deemed waived and no breach consented to unless such waiver or
consent shall be in writing and signed by the party to be charged with such waiver or consent.

d. This License constitutes the entire agreement between the parties with respect to the Work licensed here. There are
no understandings, agreements or representations with respect to the Work not specified here. Licensor shall not be

bound by any additional provisions that may appear in any communication from You. This License may not be
modified without the mutual written agreement of the Licensor and You.



